Purpose: Guideline adherence for the management of a donor after brain death (DBD) is largely unknown. This study aimed to perform an importance-performance analysis of prioritized key interventions (KIs) by linking guideline adherence rates to expert consensus ratings for the management of a DBD. Materials and methods: This observational, cross-sectional multicenter study was performed in 21 Belgian ICUs. A retrospective review of patient records of adult utilized DBDs between 2013 and 2016 used 67 KIs to describe adherence to guidelines. Results: A total of 296 patients were included. Thirty-five of 67 KIs had a high level of adherence congruent to a high expert panel rating of importance. Nineteen of 67 KIs had a low level of adherence in spite of a high level of importance according to expert consensus. However, inadequate documentation proved an important issue, hampering true guideline adherence assessment. Adherence ranged between 3 and 100% for single KI items and on average, patients received 72% of the integrated expert panel recommended care set. Conclusions: Guideline adherence to an expert panel predefined care set in DBD donor management proved moderate leaving substantial room for improvement. An importance-performance analysis can be used to improve implementation and documentation of guidelines.
Introduction
For the management of a potential donor after brain death (DBD), consensus-based guidelines, such as the recommendations of the Society of Critical Care Medicine, provide evidence-based advice aiming at improving quality of care [1] . Guidelines however are not necessarily implemented in practice [2, 3] . A recent systematic review on sustainability of adherence to guidelines by medical professionals identified a limited number of studies and lack of methodological quality, hampering conclusions [4] .
Compliance to guidelines for potential DBD is largely unknown and most studies have focused on brain death diagnosis. Adherence to the American Academy of Neurology (AAN) guidelines for determination of brain death, updated in 2010, proved variable [5, 6] . A study in 91 countries revealed differences in perceptions and practices of brain death diagnosis worldwide. In comparison to AAN criteria, significant between-hospital variability was documented in examinations, apnea testing, necessity and type of ancillary testing, time to brain death declaration, as well as the number and minimal qualifications of physicians required for declaration [7] .
Besides brain death determination, management of a potential DBD should focus through adherence to guidelines, on different other issues, including maintenance of adequate perfusion to all organ systems, early referral to the organ procurement organizations, and family support [8] .
To improve potential DBD management, key interventions (KIs) should be prioritized in order to guarantee high quality care, and impact significantly on patient, donor family, recipient or graft outcomes. However, targeting the right areas for improvement remains difficult. Focusing on all the KIs as a whole can prove burdensome and complex. An importance-performance analysis, originally a marketing research technique, can be an alternative method of prioritizing KIs by linking KI expert panel ratings of importance to the performance indicator of guideline adherence rates [9] .
Hence, the aim of this study is to perform such an importanceperformance analysis of predefined KIs for the management of a potential DBD by linking guideline adherence rates to expert panel ratings of importance.
Material and methods

Variables
Selection of KIs was based on existing guidelines [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , review articles [1, [20] [21] [22] [23] [24] [25] [26] and process flow diagrams [27] [28] [29] [30] [31] [32] [33] [34] [35] . This selection of KIs was evaluated in a RAND modified three-round Delphi study, aiming at expert consensus on the importance of a KI for the management of a potential DBD. Eighteen experts within Belgium rated all the selected KIs on a 9-point Likert rating scale (score 1 indicating "strongly disagree"; score 9 "strongly agree") on the extent of contribution to quality of care. A KI was considered important with a median score of 7 or more with 75% or more of the ratings within the highest tertile (Likert score: 7-9). Out of a total of 80 KIs assessed throughout the Delphi process, 54 KIs with consensus and 14 KIs without consensus on importance after the third Delphi round were included in the importanceperformance analysis. Two KIs without consensus were combined, achieving a final tally of 67 KIs. The KIs were classified into 4 core processes: (I) detection inside the ICU and notification to a transplant center (10 KIs); (II) donor evaluation and characterization (15 KIs); (III) donor management, bundled as: general care (7 KIs), monitoring (14 KIs), cardiovascular management (5 KIs), respiratory management (4 KIs), renal and electrolyte management (6 KIs), hormone substitution (4 KIs); and (IV) post procurement (3 KIs). Twelve KIs were excluded because of impossibility of objective measurement in patient records or restriction of implementation to clinical indication [36] .
Study population
This observational, cross-sectional multicenter study was part of the Care Pathway for Donation after Brain Death (CP4DBD) quality improvement research project, set up by the Belgian federal government to evaluate and improve the care process and quality of care for potential DBDs (or for the donor family, recipient or graft). All 84 Belgian acute hospitals with a recognized donor coordination function were invited in June 2016 to participate through an information letter from the Director General, Department of Healthcare, Federal Public Service Health, Food Chain Safety and Environment. A local study coordinator was appointed in each participating hospital.
Patient inclusion criteria for the study consisted of (1) utilized DBD (actual donor from whom at least one organ was transplanted), (2) adults (≥18 years of age), and (3) admitted to an intensive care unit (ICU) between January 1, 2013 and December 31, 2016.
Hospital and ICU characteristics were collected at the start of the study. Patient characteristics, admission data and adherence to guidelines were recorded by retrospective review of in-hospital patient records, using a standardized data extraction form. Registration of the variable (KIs) within the patient record was assessed as "performed", "not performed" or "not measurable" (and in some cases with not applicable or not possible). Variables were reported as not performed when the patient record explicitly stated the absence of the intervention. KIs were reported as not measurable whenever information on (non-) execution of the KI was missing or ambiguous. This allowed discrimination between non-executed and non-documented variables.
Importance-performance matrix
The relationship between importance and adherence is represented by an importance-performance matrix, as used in similar research [37, 38] . The KI importance dimension was defined by the expertrating described above [36] . The performance dimension was defined by the adherence rate, measured per KI as the number of patients that received the KI (numerator)/the number of patients for whom the KI was indicated (denominator). A cut-off of 75% was defined to represent a high level of performance. Combining the importance and performance dimensions forms a matrix consisting of 4 quadrants [9] . The upper 2 quadrants represent important KIs, with high adherence (upper right) and low adherence rate (upper left). The lower 2 quadrants represent the less important KIs, with high adherence (lower right) and low adherence rate (lower left).
Statistical analysis
Continuous data are reported as mean and standard deviation (SD) or median and interquartile range (IQR), dichotomous data presented as absolute numbers and percentage. Analyses at hospital and patient level were performed in SPSS version 24.0.
Ethical approval
The study received ethical approval from the Ethical Committee of the Ghent University Hospital, Belgium (2016/1089, B670201629590) and from the Ethical Committee of each participating hospital.
Results
Hospital and patient characteristics
Twenty-one Belgian hospitals participated in the study, including 4 (19%) university and 17 (81%) non-university hospitals. Their number of hospital beds ranged between 235 and 1995. The number of adult ICU beds which were 24/7 functional for mechanical ventilation ranged between 6 and 94. The average number of patients per hospital included was 14.1 and ranged between 1 and 41.
Over the 4-year study period from January 1, 2013 to December 31, 2016, data from 296 DBDs (mean age 52.4 ± 16.2 years, 155 (53%) male) were retrospectively collected. This sample represented 34% of all DBDs (n = 881) in Belgium in the same time period [39] . The mean organs transplanted per donor (OTPD) was 3.7 ± 1.7 and 150 (51%) had ≥4 OTPD. Of the 296 ICU admissions, 195 (66%) were transferred directly from the emergency room of the same hospital and 44 (15%) directly from another hospital. Hospital and patient characteristics are summarized in Table 1 .
Importance-performance analysis
The importance-performance matrix is presented in Fig. 1 . Thirtyfive of the 54 high level of importance KIs had a level of performance above 75% (upper right quadrant). Nineteen of the 54 high level of importance KIs were performed for b75% of the patients (upper left quadrant) and can thus be classified as high priority interventions to improve the management of a potential DBD. Eleven of these underused KIs do not achieve a threshold performance of 50%. In the lower left quadrant, 10 low priority KIs are shown with both low importance and performance. Three overused KIs were identified (lower right quadrant) with low importance and nevertheless high performance. Table 2 summarizes adherence and expert consensus rates for all KIs. Adherence to individual KIs varied between 100% (blood gas analysis on a regular basis) and 3% (written reporting of detection of serious adverse events). Furthermore, low adherence to high importance guidelines (upper left quadrant in the importance-performance matrix) (b50% and N N 100) was found for the following interventions: reviewing, if polyuria, of the medical history, urinary and blood sample to exclude secondary polyuria (14%); interviewing family and/or other relevant sources to obtain the medical and behavioral history (23%); information to the family about brain death diagnosis (28%); installation of lung protective ventilation (41%); oral hygiene every 6 h (42%); written report of the clinical examination of the potential donor (48%); and information to the family about the possibility of organ and tissue donation and the outcome of the National Register consultation (49%). None of the patients received the full care set of 54 KIs. On average, patients received 72% of recommended care. For the donor management care activities, the received recommended care was 86% for general care (4 KIs), 84% for monitoring (11 KIs), 77% for cardiovascular management (3 KIs), 42% for respiratory management (2 KIs), 74% for renal and electrolyte management (5 KIs) and 81% for hormone substitution (1 KI).
Adherence to guidelines
Discussion
The present study shows the baseline level of guideline adherence to a broad set of 67 KIs in 21 Belgian hospitals and demonstrates significant variability between individual KIs. On average, patients received 72% of the recommended care set. For the 54 KIs that were rated by experts as highly important, 35 KIs were performed for N75% of the patients. These results have no direct benchmark but seem to score better than adherence to recommended care in general, as reported by McGlynn et al. [3] , in which patients received on average 55% of recommended care.
Importance-performance analysis can prove useful to hospitals to select focused, preferably high level of importance/low level of performance, care interventions to improve guideline adherence and documentation of recommended care, as an alternative to the more burdensome indiscriminate approach of implementing the whole set of recommendations. Based on the importance-performance analysis in the present study, 19 such priority KIs could be identified. For some KIs the low performance rate is likely related to under documentation. Apart from the impact of under documentation on determining true guideline adherence, documentation shortages as such may represent a quality problem in daily practice for any complex care process, in terms of coordination and continuity of care. When an intervention is not mentioned in the patient record, other healthcare providers are not aware of its performance, possibly leading to duplication of interventions.
Notification of the local donor coordinator at the time a potential DBD is detected based on defined clinical triggers is a high level of importance KI but had a performance of only 50%. However, due to inadequate documentation in up to 50% of patients, true guideline adherence is unknown. Nowadays, in many European Union member states including Belgium, donor coordinators have been appointed in hospitals with an intensive care unit, where organ retrieval from deceased donors can be considered. Donor coordinators have clearly defined responsibilities in establishing, managing and reviewing the deceased donation processes in their hospital [40] . A recent Spanish audit of the donation pathway of 1970 patients with devastating brain injury, showed that there was less family objection to organ donation when the donor coordinator participated in the interview [41] . Three consensus KIs related to the approach of the donor families, e.g., (a) bad news conversation and support, (b) information about the diagnosis of brain death, and (c) information about the possibility of organ and tissue donation and the outcome of the National Register consultation had a performance of, respectively, 58%, 28% and 49%. However, due to inadequate documentation of these three KIs in the patient records, respectively, 41%, 72%, 51%, true guideline adherence again could not be certified. Further efforts should also focus on implementation strategies in donor hospitals to improve quality of KI documentation. These specific KIs should be priorities as it is well recognized that the approach and skills of health professionals discussing organ donation are key influences on decisions made by families regarding organ donation [42] .
To obtain an accurate, reliable and objective medical and behavioral history, health care professionals should perform an interview with the relatives and/or other relevant sources. In our study, the performance rate of this consensus KI was only 23%. This interview is however crucial to donor evaluation to minimize any risks associated with the transmission of diseases, together with a detailed review of the medical records, assessment of the medical and behavioral history, full clinical examination, findings of post-mortem autopsy, if performed, and laboratory tests [40] . However, due to inadequate documentation in up to 75% of patients, true guideline adherence is unknown. Another priority in donor evaluation should be the performance of the documentation of a clinical examination of the potential donor, as only 48% of the patients received this consensus KI. In our study, the performance rate of a bronchoscopy in the assessment of lung explantation was 42%, to collect samples for microbiological tests 31%, and to perform a bilateral bronchoalveolar lavage to clear mucous plugs or blood clots that may contribute to impaired oxygenation 14%. Transplant centers should primarily focus on these KIs, related to bronchoscopy, because these KIs are only performed on their request prior to referral. Traditionally, normothermic body temperature, which may require active warming, is aimed for in DBDs. In our study two KIs, monitoring of central ("core") body temperature and using of warming mattress, blankets or warmed intravenous if hypothermia (temperature b 35°C
) had a performance of 70% and 64%, respectively. However, mild hypothermia (34 to 35°C) after declaration of death according to neurologic criteria may lead to better allograft outcomes. In a comparison of two targeted temperature ranges (34 to 35°C and 36.5 to 37.5°C), hypothermia reduced the frequency of delayed graft function in kidney transplantation, defined as a requirement for dialysis during the first week after transplantation [43] . Further research is needed to determine the utility of hypothermia in this setting. Other monitoring priorities include a new 12 lead ECG for a potential heart donor in response to changes in monitored complexes (performance rate: 40%), bronchial secretion sample for microscopy and culture if secretions are present (performance rate: 69%), and hourly monitoring of urine output, for early detection of diabetes insipidus (performance rate: 53%).
In the absence of literature specific to DBD, recent guidelines have recommended to follow established advanced cardiopulmonary life support guidelines to manage arrhythmias. In particular, changes in adrenergic responses in the course of brain death predispose the potential DBD to a myriad of transient and sustained arrhythmias requiring medical management [1] . In our study, 28% of the DBDs had a tachycardia, but only 45% of these patients received treatment.
As a priority, respiratory management consists of the implementation of ventilator strategies utilizing low stretch protocols and measures to recruit atelectatic lung to enhance lung recovery [1, 23, 44] . The mean performance rate of a lung protective ventilation strategy in our study was 41%, with a performance rate of 36% for a minimum FiO 2 to obtain a PaO 2 between 80 and 100 mmHg, 45% for a tidal volume between 6 and 8 mL/kg, 67% for a plateau pressure b 30 cm H 2 O, and 17% for a positive end expiratory pressure between 8 and 10 cm H 2 O. Besides, Hua et al. recently concluded in a systematic review that oral hygiene care reduces the risk of developing ventilator-associated pneumonia from 25% to about 19%. In our study, the performance rate for oral hygiene care every 6 h was 42%, demonstrating once again room for improvement [45] .
In our study, 43% of the patients had diabetes insipidus. The performance rate to review the medical history, urinary and blood sample to exclude secondary polyuria (osmotic, induced or adapted) was respectively 14%, undoubtedly an underestimation of true guideline adherence in view of inadequate documentation in up to 85% of cases. Table 2 . The horizontal line shows the high or low level of importance (75%), whilst the vertical line shows the high or low level of performance (75%). Upper right quadrant: good performance of high priority key interventions; upper left quadrant: bad performance of high priority key interventions; lower left quadrant: good performance of low priority key interventions; lower right quadrant: bad performance of low priority key interventions.
Table 2
Adherence to the key interventions for the management of a potential donor after brain death.
Number
Intervention Performance rate n/N (%)
Not documented n/N (%)
Expert consensus rate (%) [36] Detection inside the ICU and notification to a transplant center To conclude, three post procurement KIs should be prioritized based on our importance-performance analysis. These interventions are expected to fall under the responsibility of a well-trained donor coordinator on the ICU. The performance rate of a written report on detection of serious adverse events was only 3%, debriefing about the results of the transplantation to the relatives, health care professionals and primary care physician 57%, and ensuring that the hospitalization invoice of the patient is excluded of any medical, pharmaceutical or hospital costs after the determination of brain death and legal declaration of death 73%.
A first limitation of the study consists of possible selection bias, as only the utilized DBDs are included. Hospitals without utilized but with potential DBDs could not participate in the study. Besides, potential DBDs lost along the organ donation pathway were not included in the dataset, but could also provide useful information. Resource and time constraints excluded a detailed chart review of all deceased ICU patients in participating hospitals. Second, an inclusion criterion on hospital level to participate in the study was the willingness to develop and implement a care pathway for donation after brain death after the study. This may bias selection of participating hospitals towards those with already present intrinsic motivation towards standardizing care and management of potential DBD. A final and major limitation consists of the frequent underestimation of the true guideline adherence as analysis was restricted to information available in the patient records with obvious suboptimal clinical documentation. This however can be considered as a major finding in itself.
To our knowledge, this is the first audit evaluating clinical practice in the entire donation pathway. The main novelty resides in the use of an importance-performance analysis as an approach for prioritizing interventions in improving quality of care for potential DBDs. The participating hospitals in this CP4DBD quality improvement research project received a detailed report with the guidelines upon which these KIs were based, together with feedback on actual organization of the care process. In addition, all participating hospitals received training on care pathway development and implementation. An evidence-based care pathway and this benchmarking approach in donor hospitals can be used as a method to reduce clinical variability and improve both documentation as well as adherence [46] [47] [48] . Documentation, monitoring, and evaluation of variances and outcomes are one of the essential components of a care pathway [49] . The introduction of a checklist can be a useful tool to support this and to address the proven documentation need in the donation pathway. Growing evidence in several areas of healthcare has supported the introduction of such tools in clinical practice [50] [51] [52] .
In conclusion, guideline adherence to an expert panel predefined care set in DBD donor management proved moderate with substantial room for improvement. These findings underscore the need for a strategy to improve implementation and documentation of evidence-based guidelines, for which an importance-performance analysis may prove useful.
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